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Abstract 
Satellite remote sensing to estimate net radiation is essential to obtain the global energy budget. The net 
radiation is key role-played for the monitoring of surface energy budget. Much of heat comes from radiant 
energy initially provided by the absorption of solar radiation. The energy is used to warm of climate system, 
evaporate water and variation of the environmental processes.  
The objective is to estimate instantaneous distribution of the net radiation over a large homogeneous areas in 
Dundgovi province of Mongolia, from the Moderate Resolution Imaging Spectroradiometer (MODIS). For this 
study, we used the parametrization scheme for downward short wave radiation have been developed by Nimelä 
et al. (2001) and for downward long wave radiation developed by Prata (1996). In this paper presented the 
results of estimation of the net radiation and satellite image analyses for homogeneous land surface in semi-arid 
and arid environment of Mongolia. Estimated incoming short wave and long wave radiations using MODIS-
TERRA and ground data compared with experimental station data in Dundgovi aimag of Mongolia. 
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INTRODUCTION 
Solar radiation is primary resource of heat of the earth and atmosphere and plays an 
important role in air-land surface interactions; agriculture, pasture and energy from biomass, 
because the growth of biomass directly depends on the photosynthesis and therefore on solar 
radiation. The success of satellite remote sensing arises from that fact that it can provide an 
unparalleled spatial and temporal coverage of the globe. To benefit from this tool, research is 
being directed to develop better understanding of land-atmosphere interactions. 
Last years several studies have attempted to estimate net radiation (or its components) by 
combining remote sensing observations with ancillary surface and atmospheric data (Gautier 
et al., 1980; Diak and Gautier, 1983; Jacobs et al., 2000; Ma et al., 2002). Recently, several 
parameterization schemes have been developed to estimate short wave and long wave fluxes 
(Niemelä et al., 2001a; Niemelä et al., 2001b; Ellingson, 1995 and Pinker et al., 1995). The 
climate of Mongolia has characterized by a high moisture deficit, low humidity and low 
levels of incident energy. Despite 260 days (mo than 3000 hours) of sunshine, total heat units 
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 above 100C rarely exceed 2000 and in some areas less than 1000. Snow cover is very light so 
soils are completely frozen in the winter. As a consequence the effective vegetation growing 
period is short, generally from 80 to 100, days although it can vary from 70 to 130 days 
depending on latitude and location (Batjargal. Z, 2001). The pastureland and agricultural 
areas occurs about 80 % of total territory of Mongolia and the main economic branch of our 
country is the agriculture and pastoral husbandry. Mongolian agriculture is strongly 
dominated by the geographical location and its climate. Spring and summer seasons have a 
long daytime and sunshine, while winter has a short day time but lmost all clear days due to 
high pressure systems (Tugjsuren. N et al., 2002). Many agricultural and pastoral 
management applications require the knowledge of surface radiation balance over a range of 
temporal and spatial scales in Mongolia.  
The research of solar radiation species incoming into land surfice and its variability features 
is very important for agriculture for continental climate of Mongolia  (Tugjsuren. N, 1991). 
In this paper, we have attempted to estimate instantaneous distribution net radiation from 
remotely sensed data over homogeneous areas for clear sky days in Mongolia.  
 
STUDY SITE  
The study site is Dundgovi aimag (province) of Mongolia. The coordinates are 44000′N and 
46000′N, 103000′E and 109000′E, and the area is 78 thousand km2  an arid and semi-arid 
region. Annual mean precipitation is about 150-250 mm and 85-90 percent of the annual 
precipitation falls as rain during the summer of which 50-60% in July and August. Cloudy 
skies are infrequent, and 4,467 hours of sunshine per year giving a total annual solar radiation 
input of 7,793 MJ m-2. 
 
        
Fig.1. Study site. a) Mongolian territory, b) Study area of Dundgovi province, c) View of 
homogeneous area in Mandalgovi province 
 
a) 
 b) 
c)
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 METHODOLOGY 
Instantaneous net radiation (INR) estimates are obtained using various MODIS-Terra land 
products (land surface temperature, land surface emissivities and land surface albedo). 
Niemelä’s (2001) and Prata’s (1996) parameterization schemes are used to estimate 
downward short wave and long wave flux and air emissivity respectively. 
Instantaneous net radiation 
Net radiation (Rn) is given by the surface radiation balance can be expressed in terms of its 
components as: 
Rn= R↓s - R↑s + R↓L - R↑L       (1) 
 
where R↓s and R↑s are short wave radiation fluxes downward (Wm-2) and upward (Wm-2) 
respectively and R↓L and R↑L are the long wave radiation fluxes downward (Wm-2) and 
upward (Wm-2) respectively. 
Short wave downward radiation 
The short wave radiation can be expressed as: 
R↓s - R↑s = (1-α) R↓s         (2) 
where α is land surface albedo 
In the calculation of downward short wave radiation (R↓s) we used the parameterization 
scheme developed by Niemel et al., 2001. The downward short wave radiation can be 
expressed as: 
R↓s =Soτsw cosθ        (3) 
where τsw is the atmospheric clear sky short wave transmission factor, So is the solar constant 
at the atmospheric top, which is about 1367 Wm-2 and θ is the solar zenith angle. 
The long wave radiation can be expressed using the Steffan-Boltzmann equation as: 
R↓L - R↑L = σεaT4a - σεsT4s       (4) 
where εa is air emissivity, εs is surface emissivity, Ta is air temperature (Kelvin), Ts is land 
surface temperature (Kelvin) and σ = 5.67x10-8 W m-2 K-4 is the Steffan-Boltzmann constant. 
Long wave upward radiation  
Hence, long wave upward radiation can be expressed as. 
  R↑L = σεsT4s 
In this case, surface emissivity (εs) is estimated using NDVI and an empirically-derived 
method in SEBAL (Van de Griend and Owe, 1993), as following. 
εs = 1.009 + 0.047 In(NDVI)       (5) 
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 where NDVI > 0  
And, surface temperature (Ts) was computed based on formulation proposed by Price (Price, 
1984). The formula is expressed as follows: 
 Ts = BT31 + 3.33(BT31 – BT32)      (6) 
where BT31 and BT32 brightness temperatures from MODIS  channels 31 and 32, respectively. 
Long wave downward radiation 
Further, we used which Prata (1996) developed a parameterization scheme for long wave 
downward radiation using vapor pressure and air temperature. 
Prata’s downward long wave radiation (R↓L) is defined as 
R↓L = σεaT4a         (7) 
where εa = [1-(1+ξ) exp{-(1.2+3ξ)1/2},  and ξ=46.5eo /Ta   
 
IMAGE ANALYSES AND RESULTS  
MODIS TERRA data (22 July, 5 and 25 August, 4. 14, 21, 28 September) were used in this 
study. We used 1 km resolution data and broad bands albedo for ch. 1-5, 7; brightness 
temperature for ch. 31, 32 of MODIS TERRA for the image processing. The images were 
processed 7 times during the period of end of July to September in 2002. Also we have 
determined and processed that images as follows:  
a) Land surface albedo α, for estimation shortwave downward radiation 
b) NDVI, surface emissivity εs, surface temperature Ts for estimation longwave upward 
radiation 
In the table 1. illustrated estimated values NDVI, surface albedo α, surface emissivity εs, 
surface temperature Ts on the selected points of the Dundgovi province from processed 
images on dated 22 July, 25 August and 21 September, 2002 
Figure 2 shows a distribution of shortwave downward radiation in 22 July, 25 August and 21 
September, 2002 by MODIS TERRA. Around in this dated, the shortwave downward 
radiation value was around 704.1 – 969.8 Wm-2. The shortwave downward radiation higher 
value shows in July and low value in September.  
Figure 3 shows a distribution of longwave upward radiation in 22 July, 25 August and 21 
September, 2002 by MODIS TERRA. In the images shortwave downward radiation value 
was around 325.8 – 549.9 Wm-2. The longwave upward radiation higher value shows in 
August and low value in July.  
2002/07/22 
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 The instantaneous distribution of net radiation in the above mentioned dated by MODIS 
TERRA showing in Fig. 4. As seen this figure the net radiation value was around 432.6 – 
817.6 Wm-2. The net radiation value in July seems larger than in September for homogeneous 
area of Dundgovi province. 
 
 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
325.8                         512.6 Wm-2  404.0                         549.9 Wm-2   363.8                          454.3 Wm-2
Fig. 3. Instantaneous longwave upward radiation from MODIS-TERRA data 
  558.9                         817.6 Wm-2  467.3                         620.2 Wm-2   432.6                          561.3 Wm-2
 Fig. 4. Instantaneous net radiation from MODIS-TERRA data  
931.6                         969.8 Wm-2  834.3                         877.0 Wm-2  704.1                          753.8 Wm-2
Fig. 2. Instantaneous shortwave downward radiation from MODIS-TERRA data 
 2002/07/22  2002/08/25 2002/09/21 
2002/07/22 2002/08/25 2002/09/21 
2002/07/22 2002/08/25 2002/09/21 
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 Tab.1. Estimated land surface parameters using MODIS TERRA data on the selected points. 
Albedo, α NDVI Emissivity, εσ Temperature,Ts, C0 Points Lat/ Long 7/22 8/25 9/21 7/22 8/25 9/21 7/22 8/25 9/21 7/22 8/25 9/21
Mandalgovi 45.46 
106.17 
0.18 0.17 0.16 0.17 0.17 0.14 0.93 0.92 0.91 27 41 23 
Saikhan-Ovoo 45.44 
103.89 
0.16 0.16 0.15 0.10 0.07 0.08 0.90 0.89 0.89 49 29 22 
Adaatsag 46.22 
105.46 
0.15 0.16 0.14 0.24 0.26 0.16 0.94 0.94 0.92 28 43 26 
Bayanjargalan 45.45 
108.00 
0.14 0.16 0.13 0.12 0.15 0.13 0.91 0.92 0.91 33 40 25 
Olziit 44.56 
106.20 
0.16 0.16 0.15 0.08 0.11 0.10 0.89 0.90 0.90 41 40 23 
Fig. 5. and Fig. 6 shows trend of estimated and observed downward radiation fluxes from 22 
July to 21 September, 2002. According to the scatter graphs for comparison of estimation and 
observed downward short and long wave radiation shown in Fig.7 and Fig 8. A better 
relationship is seen in the between estimated and observed short and long wave downward 
radiation in study area. But should be noted that relationship is only for value at experimental 
station in Mandalgovi. The regression line in the above mentioned dated is E = 1.1308x + 
50.357 and R2 = 0.8341 for shortwave downward radiation and E = 0.9182x + 29.02, and R2 
= 0.7246 for longwave downward radiation. 
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Fig.5. Estimated and observed shortwave
downward radiation from July to September in
2002 at the experimental station in
Mandalgovi. 
Fig.6. Estimated and observed longwave
downward radiation from July to September in
2002 at the experimental station in
Mandalgovi. 
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Fig.7. Comparison of estimated and observed
shortwave downward radiation from July to
September in 2002 at the experimental station
in Mandalgovi. 
Fig.8. Comparison of estimated and observed
longwave downward radiation from July to
September in 2002 at the experimental station
in Mandalgovi. 
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 CONCLUSION 
In the present study, MODIS TERRA satellite and ground data were used in estimating the 
instantaneous distribution of the net radiation in homogeneous area of Mongolia using the 
parameterization schemes for short wave radiation fluxes downward and long wave radiation 
fluxes downward.  
We obtained better results between estimated short wave downward radiation (R2=0.8341) 
and longwave wave downward radiation (R2=0.7246) with the observed data. However, we 
did not  compared the estimated net radiation, due to insufficient of real measured net 
radiation data on the ground. To overcome this problem, measured value of net radiation on 
the ground are required to validate the results of estimation instantaneous net radiation using 
satellite data.  
The study was one of first attempth to estimate instantaneous distribution net radiation using 
satellite and ground data. However, the study results are gave better understanding of the 
instantaneous distribution of net radiation in homogeneous area of Mongolia. We should 
improve the research for net radiation using satellite data in further. 
 
Acknowledgements 
We would like to thank to Prof. Takamura Tamio and Mr. Itari Okada of Atmospheric 
Radiation Division of CEReS of Chiba University, for providing with the observed data at the 
Experiment Station in Mandalgovi province of Mongolia. 
 
References 
1. Batjargal, Z. (2001). Desertification in Mongolia. RALA Report No.200 
2. Diak, G. R., & Gautier, C. (1983). Improvements to a simple physical model for 
estimating insolation from GOES data. Journal of Climate and Applied Meteorology,22, 
505-508. 
3. Gautier, C., Diak, G., & Masse, S. (1980). A Simple Physical Model to Estimate incident 
Solar Radiation at the Surface from GOES Satellite Data. Journal of Applied Meteorology, 
19, 1005-1012. 
4. Ellingson, R. G. (1995). Surface Longwave Fluxes from Satellite Observations: A critical 
review. Remote Sensing of Environment, 51, 89-97. 
5. Gautier, C., Diak, G., & Masse, S. (1980). A Simple Physical Model to Estimate Incident 
Solar Radiation at the Surface from GOES Satellite Data. Journal of Applied Meteorology, 
19, 1005-1012. 
6. Jacobs, J. M., Myers, D. A., Anderson, M. C., & Diak, G. R. (2000). GOES surface 
insolation to estimate wetlands evapotranspiration. Journal of Hydrology, 266, 53-65. 
7. Ma, Y., Su, Z., Li, Z., Koike, T., & Menenti, M. (2002). Determination of regional net 
radiation and soil heat flux over a heterogeneous landscape of the Tibetan Plateau. 
Hydrological Processes, 16, 2963 - 2971. 
212
 8. Niemelä, S., Räisänen, P., & Savijärvi, H. (2001a) Comparison of surface radiative flux 
parameterizations Part I: Longwave radiation. Atmospheric Research, 58, 1-18. 
9. Niemelä, S., Räisänen, P., & Savijärvi, H. (2001b). Comparison of Surface radiative flux 
parameterizations Part II: Shortwave radiation. Atmospheric Research, 58, 141- 54. 
10. Pinker, R. T., Frouin, R., & Li, Z. (1995). A Review of Satellite Methods to Derive  
Surface Shortwave Irradiance. Remote Sensing of Environment, 51, 108-124. 
11. Prata, A. J. (1996). A new long-wave formula for estimating downward clear-sky 
radiation at the surface. Quarterly Journal of the Royal Meteorological Society, 122, 
1127-1151. 
12. Price, J. C., (1984) Land surface temperature measurements from the split window 
channels of the NOAA 7 Advanced Very High Resolution Radiometer. Journal of 
Geophysical Research, 89, 7231-7237. 
13. Tugjsuren, N. (1991). Solar radiation distribution feature in Mongolia. Bulletin of Science 
and Information Center, Mongolia, 150/1. 
14. Tugjsuren, N., Takamura, T. (2001). Investigation for photosynthetically active radiation 
rejime in the Mongolian grain farm region, Journal of Agric. Meteorol., 57(4), 201-207. 
15. Van de Griend, A. A., and Ome, M. (1993). On the relationship between thermal 
emissivity and the normalized difference vegetation index for natural surfaces. Int. Jour. 
of Remote Sensing, vol 14(6), 1119-1131. 
   
 
 
213
